Downward fluxes of organically rich biodeposits under suspended mussel lines can cause benthic impacts such as changes in benthic community structure or microbial mat production. Quantifying sediment erosion in these coastal ecosystems is important for understanding how fluxes of organic matter and mussel biodeposits contribute to benthic-pelagic coupling. Critical shear velocity (u*crit), erosion rates and particle size distributions of resuspended sediment were measured at four stations distributed along a transect perpendicular to a mussel farm in Lagune de la Grande Entrée, Îles-de-laMadeleine (Quebec, Canada). Stations were selected underneath the outer-most mussel line (0 m) and at distances of 15, 30 m and at a reference station (500 m) further along the transect. Shear velocity was measured using a calibrated portable Particle Erosion Simulator, also referred to as the BEAST (Benthic Environmental Assessment Sediment Tool). Undisturbed sediment cores obtained by divers were exposed to shear stress to compare differences between stations. Erosion sequences indicated no significant differences in u*crit between stations, but there were significant differences in erosion rates beneath mussel lines compared to other stations. Erosion rates were the highest in cores from beneath mussel lines, but paradoxically had the lowest u*crit. Mean erosion rates at u*crit varied between 25 and 2 Please note that this is an author-produced PDF of an article accepted for publication following peer review. The definitive publisher-authenticated version is available on the publisher Web site.
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47 g m − 2 min − 1 and critical erosion thresholds varied between 1.58 and 1.73 cm s − 1 , which compare with intensive mussel culture sites elsewhere in eastern Canada. Significant differences existed in biotic and abiotic properties of sediments which could explain variation in maximum erosion rates within and between stations. Particle sizes measured by videography of resuspended sediment at different shear velocities ranged from 0.2 to 3.0 mm. Quantifying sediment erosion from intact marine sediments helps to improve our mechanistic understanding of these processes, and the BEAST further contributes to predictive capability in benthic-pelagic coupling modeling.
Introduction
Quantification of sediment erosion around coastal aquaculture operations is essential for understanding fluxes of organic rich particu1ate matter. Sedimentation, sinking rates and dispersion of organic and inorganic partic1es (comprising of phytoplankton, sediment, detritus, fecal pellets or resuspended aggregates), is dependent on particle diameter and density, and are highly variable in coastal water colurnns (Andersen et al., 2002; Miller et al., 2002; Nickell et al., 2003; Giles and Pilditch, 2004) . Sedimentation is further compounded by filter-feeding bivalves which play an important role in coastal ecosystems through their influence on benthic-pelagic coupling and nutrient cycling (Christensen et al., 2003) . Filter-feeding bivalves repackage fine suspended material into larger organic rich biodeposits (feces and pseudofeces) that sink more rapidly than their constituents, increasing fluxes of organic matter to the benthos, depending on water depth, currents and resuspension (Chamberlain et al., 2001) . While dynamics of mussel biodeposition (resuspension and disaggregation) is poorly quantified, enhanced sedimentation under mussel culture is well documented (e.g., Hatcher et al., 1994; Callier et al., 2006) .   1  2  3  4  5  6  7  8  9  10  11  12  l3   14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   4   69 Bottom sediment resuspension is affected by biostabilization, porosity, organic 70 content, grain size, and bioturbation (Miller et al., 2002; Nickell et al., 2003; Giles and 71 Pilditch, 2004; Walker and Grant, 2009) . Quantifying sediment resuspension is important 72 for understanding sediment erosion thresholds (critical shear velocity, U0crit) and fluxes 73 generated by currents or waves becomes an important predictive tool in coastaI 74 ecosystem management. Quantifying sediment transport is possible when erosion 75 thresholds are known, although few calibrated data exist for sediment entraimnent rates 76 (Tolhurst et al., 2000; Grant et al., 2013) , especially those influenced by mus sel 77 biodeposits or microbial mats (Walker and Grant, 2009) . Sediment stability (defmed as 78 increased erosion threshold) is often associated with biostabilizing microbial mats, 79 including diatoms and/or bacteria which can physically bind cohesive and non-cohesive 80 sediment particles via the excretion of extracellular polymeric substances (Grant et al., 81 1986; Grant and Gust, 1987; Tolhurst et al., 2002 2  3  4  5  6  7  8  9  10  11  12  l3   14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   5   92 measurements of sediment erosion rates from suspension-feeding bivalves has rarely 93 been investigated (Widdows et al., 1998; Miller et al., 2002; Giles and Pilditch, 2004; 94 Walker and Grant, 2009) . Recent studies associated with mussel aquaculture in Lagune 95 de la Grande Entrée (LGE) have documented benthic impacts associated with 96 biodeposition, including nutrient and particle fluxes (Callier et al., 2006 (Callier et al., , 2009 Richard et 97 al., 2006 Richard et 97 al., , 2007a Richard et 97 al., , 2007b . Ecosystem models of aquaculture carrying capacity on the 98 basis ofmussel grazing have also beeen conducted there (Grant et al., 2007; Filgueira et 99 al., 2012) . However, the fate ofbiodeposits through dispersion and resuspension events 100 remains unclear in LGE (Callier et al., 2006; Weise et al., 2009) . This is especially 101 important ifbenthic microalgae are resuspended as an additional mussel food source 102 (Frechette and Grant, 1991) .
103
We re-designed and calibrated a portable erosion chamber called the ' Benthic 1  2  3  4  5  6  7  8  9  10  11  12  l3   14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57   6   115 This study was conducted below and adjacent to a mussel farm in LGE, Îles-de-la- (Fig. 4b ). There were no 244 obvious relationships between critical shear stress and erosion rates across stations (R 2 = 245 0.29) (Fig. 4c) . Frequency ofresuspended partic1e sizes, with increasing shear ve10city, 246 ranged from 0.1-3.0 mm for ail stations and for all erosion thresho1ds (Fig. 5) . Image 247 analysis ofparticles sizes became difficu1t >u* of 1.7 cm S-I, due ta increasing turbidity.
248 Particles <200 ).lm were below levels of detection for this method and are not shown.
249
Overall, there appears to be subtle differences in particle size distributions across stations, 250 with more particles resuspended at lower shear velocities at 0 m compared ta 500 m. 22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   11   344 organic enrichment in LGE, such as the presence of large amounts of detritus (e.g., 345 eelgrass) and microbial mats revealed from diver observations and evidenced in severa! 346 core samples. The accumulation of fine particles in the sediment at these sites may be 347 influenced by limited tidal exchange, removal ofbiodeposits by feeding mussels during 348 wind-induced resuspension events, and subsequent biostabilization of the fme fraction at 349 the sediment-water interface by microbial mats, and the construction of a navigation 350 channel in the 1 980's which probably changed the hydrodynamics of the lagoon. The 351 physical characteristics of the sediments at these stations, and others along the transect in
352
LGE have previously been described by (Callier et al., 2006 (Callier et al., , 2007 , who reported no 
362
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